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PREFACE. 


For  several  years  past  I  have  been  sent 
for  from  time  to  time  to  indicate  en- 
gines at  a  distance.  It  being  always 
unsatisfactory  to  wait  for  the  engine  to 
be  drilled  and  piping  attached,  and  the 
reducing  connections  made  and  applied, 
I  got  into  the  habit  of  writing  and  get- 
ting advance  information  concerning 
the  design  and  position  of  the  engine, 
the  surroundings,  etc.,  and  then  sending 
on  detailed  instructions  and  sketches, 
so  that  when  I  arrived  at  the  place 
I  would  find  everything  for  me  to  put 
on  the  indicator  and  take  cards.  After 
doing  this  way  for  awhile  I  found  it 
desirable  to  send  specifications  of  cases 
of  all  kinds,  with  the  directions  and 
sketches  in  each  instance.  Sometimes 
the  specifications  of  suppositious  cases 
would  not  fit  the  actual  circumstances. 
In  each  such  case  I  took  a  note  of  the 
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new  conditions  and  added  them  to  the 
next  lot  of  specifications  sent  out.  It 
is  now  some  time  since  I  found  a  case 
which  my  specifications  and  instruc- 
tions will  not  cover. 

The  following  matter  is  practically  a 
copy  of  the  last  specifications  and  in- 
structions which  I  used,  and  by  its  aid 
any  intelligent  engineer  can  get  any 
engine  ready  for  indication  ;  and  (a  most 
important  matter)  can  have  the  attach- 
ments such  as  to  give  correct  cards. 

There  is  all  the  greater  necessity  for 
this  because  the  existing  books  upon  the 
steam  engine  indicator,  while  tolerably 
full  in  their  instructions  about  how  to 
take  cards  and  to  read  them  after  being 
taken,  are  very  meagre  in  practical 
directions  how  to  pipe  up  and  hitch  on. 

There  are  dozens  of  other  possible 
ways  of  making  the  reducing  motion 
and  of  attaching,  but  I  believe  that 
those  which  I  give  are  the  simplest 
and  give  the  most  correct  results;  and 
there  is  no  use  complicating  matters 
and  confusing  the  recipient. 
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The  illustrations,  which  are  rather 
profuse  (some  sixty  in  number),  are  pur- 
posely made  out  of  proportion,  and  sug- 
gestive rather  than  detailed,  so  as  to 
convey  the  ideas  strikingly. 

If  there  occur  in  ordinary  practice 
any  cases  not  covered  by  the  following 
matter,  I  should  be  very  glad  to  know 
of  them,  and  will  prepare  matter  to 
accommodate  them,  making  but  one 
exception.  There  is  in  the  city  of 
Chicago  a  double  oscillating  engine, 
with  variable  stroke.  I  was  sent  for 
from  New  York  to  indicate  this  engine, 
which  "stumped"  me  for  half  a  day. 
I  got  the  cards,  but  forget  how.  and  do 
not  wish  to  remember. 


EOBERT   GrRIMSHAW. 


21  Park  Row,  New  York,  | 
July  is,  1888.  \ 


Chapter  I. 


ATTACHING  TO  THE  CROSS-HEAD. 


(I.)  If  the  cross-head  is  vertical,  as  in 
the   Corliss  type   (Fig.    1),    having  one 


Fio.  1.—  Vertical  Cross  head. 

guide  above  the  other,   drill  and  tap  it 
horizontally  for  a  5-8  inch  stud   (Fig. 2) 
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Fig.  2.— Stud  for  Cross-head. 

at  any  convenient  point  in  its  cheek,  at 
right  angles  to  the  piston-rod. 

(II.)  If  horizontal  and  having   four 
guides,    two  above     and  two    below, 
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drill  and  tap  as  above  (See  Figs.  3  and 

4). 


A 


z 
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Figs.  3  &  4.— Cross-head  with  Four  Guides. 
(III.)  If  having  two  guides,  one  each 
side  (Figs.  5  and  6),  drill  and  tap  verti- 


^    (o)    ^i 


Figs.  5  &  6.— Cross  head  with  Two  Guides. 
cally  in  two  places  for  5-8  inch  studs, 
the  line  connecting  the   centres  of  the 
holes  being  parallel  with  the  piston-rod ; 
and  attach  a  fixture  like  Figs.  7  and  8, 
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Figs.  7  &  8.— Cross-head  Attachment. 

made  of  5-8  inch  round  rod  and  having 
the  same  distance  between  the  holes  a 
and  b  as  between  the  tap  holes  in  the 
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cross-head.  This  is  to  be  fastened  on  the 
flat  top  of  the  cross-head,  so  as  not  to  in- 
terfere with  the  connecting  rod  and  so 
as  to  let  the  piece  P  project  out  at  right 
angles  to  the  piston-rod.  The  length  of 
the  5-8  inch  stud  must  generally  be 
such  as  to  let  it  come  about  6"  beyond 
the  outer  diameter  of  the  cylinder. 

If  the  steam  chest  is  on  the  side  of  the 
cylinder,  then  tap  the  cross-head  so  as 
to  have  the  stud  upon  the  opposite  side. 

If  the  steam  chest  is  on  the  top  or  the 
bottom  and  the  cross-head  is  horizontal, 
drill  and  tap  the  cross-head  so  as  to 


( — wf^iiiii^ 


F,g.  9.— Stud  and  Jam  Nuts. 
have  the  stud  on  the  side  *  upon  which 
the  indicator  is  to  be  attached. 

(In  this  connection,  see  under  head 
"Where  to  Pipe.") 

The  stud  is  to  be  threaded  for  four 
inches  of  its  length  so  as  to  accommo- 
date two  nuts  and  two  jam  nuts,  and 
leave  lj  inches  space  between  them. 
(Fig.  9). 
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The  foregoing  instructions  answer 
for  either  the  slotted  lever  or  the  main 
lever  with  radius  bar.      Where  there  is 


m 


Figs.  10  &  11.— Cross-head  Attachment. 

used  the  substitute  for  the  slotted  lever, 
shown    in    Fig.    12,     the    attachment 
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Fig.  12.— SuBSTiTurE  for  Slotted  Lever. 

should  be,  instead  of  Fig.  9,  that  shown 
in  Fig.  13. 

It  is  very  often  found  convenient  to 
substitute  for  the  stud  shown  in  Figs. 
7  and  8,  the  device  shown  in  Figs.  10  and 
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11,  made  of  iron  plate  with  the  stud 
fastened  on  by  jam  nuts  rather  than 
forged  all  in  one  piece. 

If  the  cross-head  has  no  clear  space 
at  the  side  and  it  is  not  convenient  to 


II 
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Fig.  13.— Cross-head  Attachment. 

attach  to  the  side  (as  in  the  case  of  the 
''Straight  Line"  engine),  then  drill  and 


Fig.  14.— Cross-head  Attachment  for  Central 
Sl  tted  Lever. 

tap  it  on  the  top,  and  screw  in  such  a 

forging  (or  a  frame  made  of  pipe)  as 

shown  in  Fig.  14. 


Chapter   II, 


ATTACHING  LEVER  TO  CEILING. 


(I  a.)  If  the  ceiling  is  level  and  flat, 
and  you  can  screw,  bolt  or  nail  to  it, 
attach  to  it  a  truss  piece  T,  like  Figs. 
15  and  16,  made  of  1-inch  boards,  parallel 
with  the  line  of  the  engine,  and  at  such 
point  as  will  bring  its  centre  of  length 
oyer  the  stud  in  the  cross-head  when 


Figs.  15  &  16.— Truss  Piece  for  Ceiling. 
the  latter  is  at  mid  stroke;  and  also 
make  its  vertical  face  "plumb''  three 
inches  from  the  end  of  the  stud  in  the 
cross-head.  The  face  of  this  truss 
piece  should  be  toward  the  centre  line 
of  the  cylinder,  so  as  to  leave  the  clear 
vertical  face  for  attachment  of  the 
lever. 

(I  b.)  If  level  and  having  wooden 
rafters  exposed  and  running  length- 
wise  of  the  engine,    and   one  of  those 
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beams  plumbs  upon  one  face  with  the 
end  of  the  stud  from  the  cross-head, 
bore  in  the  centre  of  its  width  a  horizon- 
tal hole  for  7-8  inch  lag  screw  4  inches 
long,  and  attached  as  in  Fig.  40. 

(I  b1.)  If  no  lengthwise  beam  face 
plumbs  within  six  inches  of  the  outer 
diameter  of  the  cylinder,  make  and  nail 
on  two  bridge  pieces,  as  shown  in  Fig. 


Fig.  17.— Truss  Piece  on  Bridges  between  Joikts 

17,  and  on  this  fasten  the  truss  piece 
shown  in  Figs.  15  and  16,  and  having  its 
clear  face  C  plumb  six  inches  outside  of 
the  outer  cylinder  diameter. 

(Ic.)  If  level  and  having  wooden  raft- 
ers exposed  and  running  crosswise  of 
the  engine,  attach  truss  piece  as  de^ 
scribed  under  I  a. 
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(II.)  If  ceiling  has  wooden  rafters 
slanting  lengthwise  of  the  engine,  and 
if  one  of  the  rafters  plumb  as  in  I  6, 
act  similarly.  If  no  rafter  plumbs 
properly,  make  a  bridge  and  attach 
truss  piece  as  in  I  b.  (Fig.  17.) 

III.  If  there  are  wooden  rafters  slant- 
ing crosswise  of  the  engine  and  high- 
est at  the  side  to  which  you  will  attach 
your  indicator,  make  a  truss  as  shown 


Fig.  18.— Attachment  to 
Transverse  plant- 
ing Rafters. 


Fig.  19.— Attachment  to 

Transverse  SL4NT- 

ing  Rafters. 


in  end  view  in  Fig.  18  and  have  its  outer 
face  C  plumb  about  six  inches  beyond 
the  outer  diameter  of  the  cylinder. 

IV.  If  there  are  wooden  rafters  run- 
ning crosswise  of  the  engine  and  low- 
est at  the  side  to  which  you  will  attach 
the  indicator,  make  a  truss  as  in  Fig.  19. 
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The  substitute  shown  in  Fig.  20,  made 
by  sawing  a  two  by  eight  inch  joist  di- 


Fig.  20.—  Slanting  Crosswise  Rafters. 

agonally  lengthwise,    will  answer  for 
either  Fig.  18  or  Fig.  19. 

If  the  ceiling  is  of  arches  formed  be- 


Fin.  21.— I  Beams,  Athwart  the  Engine. 

tween  I  beams,    and  these  beams  run 
across  the  engine,  then  spring  in  be- 
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tween  them  a  wooden  piece  as  shown 
in  Fig.  21. 

If  these  iron  beams  run  lengthwise 
of  the  engine,  then  spring  in  two  such 


Fig.  22.— I  Beams,  Lengthwise  of  Engine. 
wooden  pieces  and  attach  to  these,  as 
shown  in  Fig.  22. 


Chapter  III. 


ATTACHING     LEVEE    TO    FLOOR. 


If  the  floor  is  of  wood,    and  it  is  nec- 
essary to  attach  the  reducing  lever  to 


& 
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Figs.  23  &  24.— Block  for  Floor  Attachment. 
it,  you  may  screw  down  a  short  log  (Figs. 
23,  24),  or  a  truss  piece  (Figs.  25,  26)— 


^ 
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Figs.  25  &  26.— Short  Truss  for  Floor. 
providing    that    the    floor    is    strong 
enough  to  withstand  the  screwing.     If 
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the  flocr  is  rotten  or  springy,  then  lay 


>& 
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Figs.  27  &  28.—  Balk  for  Floor. 
down  a  long,   heavy  balk  or  log  and 
weight  it  heavily,  and  attach  the  main 


Fig.  29.— Lever  Fastened  to  Truss. 
lever  to  this.     Figs.   27,   28  show  the 
method. 
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If  the  floor  is  of  iron,  stone  or  cement, 
employ  a  long  truss  or  log,  as  recom- 


Fig.  30.— Attachment  to  Temporary  Joist. 

mended  for  a  rotten  or   springy   floor. 

Fig.  29  shows  the  details  of  lever  at- 
tachment. 

Where  neither  roof,  walls  nor  floor 
prove  available  for  attachment,  you 
can  generally  brace  a  joist  between  the 
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engine-room  walls,  wedging  as  shown 
in  Fig.  30,  attaching  to  this  as  though  it 
were  a  horizontal  crosswise  rafter. 


Chapter   IV. 


THE  MAIN  LEVER. 


This  should  be  1-inch  or  1  1-2  inch 
pine,  straight -grained,  and  of  such  a 
length  as  to  reach  one  inch  beyond  the 


Fig.  31.— Slotted  Lever. 

stud  in  the  cross -head,  when  the  engine 
is  on  the  centre  and  the  lever  is  at- 
tached to  the  beam  or  truss ;  to  taper 
from  6  inches  to  4  inches  in  width,  and 
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to  have  a  radial  slot  5-8  inch  full  in 
width, with  sides  perfectly  true, straight 
and  smooth,  extending  up  so  high  that 
when  the  lever    hangs    free,  and    the 


Fig.  32.—  Right  Attachment. 

cross-head  is  at  mid-stroke,  there  will  be 
about  1  inch  of  slot  above  the  stud ;  to 
have  a  7-8  inch  hole  at  the  centre,  3 
inches  from  the  large  end,  as  in  Fig.  31 
(which  shows  it  broken  to  save  space). 

Where  the  pendulum  with  radius 
bar  is  used  (although  I  do  not  recom- 
mend  it)  special  care  must  be  taken 
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to  make  the  error  due  thereto  as  flight 
as  possible.  I  may  here  remark  that 
mathematically  it  can  never  give  true 
results ;  but  in  practice  the  error  may 


Fig.  33.— Wrong  Attachment. 

be  greatly  reduced  by  care  in  dividing 
the  ' l  dip  "  of  the  radius  bar  and  by  hav- 
ing the  main  lever  as  long  as  possible. 

In  the  first  place,  the  main  lever 
must  hang  plumb  when  the  cross-head 
is  at  mid-stroke,  and  this  is  shown  both 
in  Fig.  32  and  in  Fig.  33.     In  the  second 
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place,  the  working  length  of  the  main 
lever  must  be  such  as  to  make  the  ra- 
dius bar  cross  the  horizontal  line  be- 
tween stroke  end  and  mid -stroke,  as  in 
Fig.  32;  and  it  must  not  be  so  hung  as 
to  have  the  radius  bar  level  when  at 
mid-stroke,  as  in  Fig.  33. 

In  Fig.  34  is  shown  an  inverted  slot- 
ted lever  (as  arranged  for  attachment 
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Fig.  34.— Correct  Angle  for  Cord  Akm. 
to  the  floor)  having  the  cord -lever  at 
the  proper  angle  with  the  main  pendu- 
lum. The  cord  is  at  right  angles  to  the 
working  line  of  the  cord-lever  when 
the  cross-head  is  at  mid-stroke. 
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No  guide  pulleys  are  needed  or  should 
be  used.  The  principle  is,  of  course,  the 
same  whether  there  be  used  the  slotted 
lever  or  the  main  lever  with  radius - 
bar. 


Fig.  35.— Adjustable  Lever,  with  Brumbo  Pulley. 

Fig.  35  shows  a  pendulum  with  radius- 
bar,  which  I  arranged  for  use  where  I 
wanted  to  carry  levers  with  me  to  save 
time,  and  did  not  know  the  length  of 


Fig.  36.— Segment  for 

Cord 

Attachment. 


Fig.  37.— Manner  of 

Making  Arcs  for  Cord 

Attachment. 
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stroke  of  the  engine,  nor  the  height  of 
ceiling  of  the  engine-room.  There  are 
several  holes  in  each  of  the  levers,  so  as 
to  accommodate  any  reasonable  varia- 
tion in  ceiling  height  or  engine  stroke. 

The  device  at  the  top  in  Fig.  35  is 
called  a  "  Brumbo  Pulley."  It  consists 
of  a  circular  sector  having  a  cord  groove 
in  its  rim,  and  having  a  nearly  radial 
hole  drilled  from  this  rim  to  a  point 
near  the  centre.  The  cord  which  comes 
from  the  indicator  has  in  it  a  knot 
which  will  .not  pass  through  the  hole  in 
the  pulley;  and  the  cord  passes  through 
this  nearly  radial  channel  and  out  of 
the  hole  near  the  centre,  to  the  opera- 
tor's hand.  When  the  operator  pulls  the 
cord  so  that  the  knot  is  snug  up  against 
the  end  of  the  nearly  radial  hole,  a  card 
is  taken;  otherwise  the  cord  lies  slack 
and  does  not  work  the  paper  drum  of 
the  indicator. 

Instead  of  having  a  complete  circular 
sector  with  grooved  arc  for  the  cord,  it 
will  be  found  much  more  convenient  to 
have  only  a  segment,  as  shown  in  Fig. 


34  PREPARING  FOR   INDICATION. 


Fig.  38.— Arc  Cord  Attachment. 
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36,  the  arc  being  centred  in  the  centre 
of  motion  of  the  main  lever  before  the 
pivot  hole  is  bored.  Once  the  seg- 
ment is  centred,  a  scribe  line  may  be 
made  across  its  top,  by  which  to  re- 
place it  in  correct  position  at  any  time, 
the  screw  holes  of  course  aiding  in  this. 
It  will  be  found  convenient  in  this  con- 
nection to  make  a  number  of  grooved 
pieces  having  a  common  centre  but 
different  radii;  and  this  may  best  be 
done  by  attaching  a  sufficiently  large 
piece  of  wood  to  the  main  lever  by 
several  screws,  as  shown  in  Fig.  37, 
scribing  the  arcs  and  then  removing 
the  piece,  sawing  out  the  sectors  with 
a  band  saw,  grooving  them,  and  keep- 
ing them  for  use  when  required.  One 
of  them  will  be  like  Fig.  36  and  the  oth- 
ers like  Fig.  38. 


Chapter  V. 


THE  CORD-LEVER. 


This,  which  is  to  obviate  the  necessity 
of  a  guide  pulley,  is  to  have  the  same 


Fig.  39.— Cord  Levbb. 
proportion  of  working    length  to  the 
main  lever  as  a  4  inch  card  is  of  the 
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stroke  of  the  engine; — thus,  for  48  inch 
stroke,  it  would  be  48-4=12  inches  from 
the  7-8  inch  bolt  hole  to  the  point  of 
cord  attachment.     Score  a  central  line 


Fig.  40.— Attachment  to  Lengthwise  Joist, 


upon  its  face.  It  is  to  be  put  at  such 
an  angle  to  the  main  lever  that  when 
the  cross-head  is  at  mid-stroke  the  cord 
running  from  the  cord-lever  to  the  indi- 
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cator  will   be  at  right    angles  to  the 
central  line  of  the  cord -lever. 

It  may  be  well  to  mark  it  off  at  right 
angles  to  its  central  or  working  line,  in 
regular  half  inch  spaces.  This  serves 
the  double  purpose  of  helping  judge 
the  cord  position,  and  measuring  the 
distance  of  cord  attachment  from  the 
working  centre.     (See  Fig.  39). 

The  Brumbo  pulley  and  the  grooved 
sector  or  segment,  for  cord  attachment, 
are  described  under  the  head  of  the 
main  lever,  the  Brumbo  being  shown  in 
Fig.  35  and  the  sector  and  segment  in 
Fig.  36,  37  and  38. 

If  the  main  lever  is  attached  direct 
to  the  flat  side  of  a  rafter,  get  a  6  inch 
lag  screw  7-8  inch  diameter  and  put  it 
through  the  main  and  cord  levers,  as 
shown  in  Fig.  40,  so  as  to  bring  the 
cord  lever  nearest  the  bolt-head;  put- 
ting in  a  large  thin  washer.  If  the 
main  lever  is  attached  to  a  truss,  then 
have  a  7-8  inch  wagon  bolt  with  two 
very  large  thin  washers.  Put  the  wash- 
ers between  the  truss  and   the  main 
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lever,  and  between  the  cord  lever  and 
the  bolt-head,  as  in  Fig.  29,  and  put  on 
with  a  jam  nut  as  shown. 


Chapter  VI. 


WHEEE  TO  PIPE. 


The  cylinder  should  be  drilled  and 
tapped  for  12  inch  pipe  with  ordinary 
pipe  thread.     The  tapping  should  be 


Fig.  11.— One  Indicator  on  Side,  Two  Globe  Valves. 

into  the  clearance,  care  being  taken 
that  the  hole  is  never  covered  by  the 
piston  rod  when  the  engine  is  on  the 
centre. 
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In  a  horizontal  engine,  these  holes 
are  best  tapped  as  in  Figs.  41,  43  into 


o 

o 

o 

c 

o    o 

o 

o 

o 

c 

o 

o 

o 

o 

c    o 

J-J 

w 

Fig.  42 —One  Indicator  on  Side.  Two  Globe  Valves. 
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Fig.  43.— One  Indicator  on  Side,  with  Three  Way 
Cocks. 
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the  side  or  top,  not  into  the  ends  (or 
heads)  as  in  Figs.  52,  53  If  there  is  a 


FIg.  44.— One  Indicator  on  Side,  with  Three  Way 
Cocks, 


Fig.  45.— One  Indicator  on  Top,  with  Two  Globe 
Valves. 
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lagging,  one  strip  may  be  removed  tem- 
porarily, using    great    care,    or    holes 
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Fig.  46.— One  Indicator  on  Top,  with  Two  Globe 
Valves. 


Fig.  47.— One  Indicator  on  Top,  wirH  Two  Globe 
Valves. 

may  be  cut  through  it,   to  admit  the 
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drill  and  tap  when  working,  and  the 
pipe,  when  the  holes  .,  are  made  into 
the  cylinder  walls.  If  the  cylinder  is 
covered    with    plastic    covering,    this 
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Fig.  48.— Two  Indicators  on  Tor,  no  Piping. 

should  be  cut  away  for  the  purpose  of 
drilling  and  tapping. 

Drilling  and  tapping  into  the  heads 
involves  using  more  pipe  and  more 
iittmgs,  and  gives  worse  results,  than 
where  the  convex  walls  are  tapped 

As  to  whether  in  a  horizontal  engine, 
the  top  or  the  side  should  be  chosen — 
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Fig.  49.— Two  Horizontal  Instruments  on  Side. 

that  is  determined  by  the  position  of 
the  steam  chest  and  by  other  considera- 
tions, as,  for  instance,  the  kind  of  cross- 


Fig.  50.— Indicator  on  Side,  Projecting  Horizon- 

TALLY. 
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Pig.  51.— Two  Vertical  Indicators  on  Side. 

head  and  the  means  employed  to  catch 
hold  of  it;  the  position  of  the  eccentric 
and  its  rods  and  connections,  etc. 


Fig.  52.— Indicators  on  Head. 
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Fig.  54.— Vertical  Indicators  on  Side. 
Vertical    cylinders    are    very    often 
better  tapped  in  the  heads  than  in  the 
sides.     While,  of  course,  it  is  better  to 
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drill  the  holes  in  the  cylinder  sides  with 
the  heads  out,  so  that  you  may  see 
what  you  are  doing,  and  may  get  out 
the  chips  readily,  this  is  seldom  practi- 
cable after  the  engine  has  been  erected 


Fig.  55.— Corliss  Engine.  Single  Indicator,  Two 
Globe  Valves. 

and  has  run.  In  drilling,  place  the  en- 
gine upon  the  centre,  so  that  the  pis- 
ton head  may  be  at  the  end  in  which 
you  are  drilling.  You  can  then  see 
how  much   head  clearance  you  have, 
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and  can  tap  into  this,  instead  of  in  such 
a  place  as  would  allow  the  piston  head 
to  cover  the  hole  at  stroke  end. 

If  the  steam  chest  is  on  the  top,  pipe 
on  the  side,  preferably  in  front.  Figs, 
41,  42,  show  attachment  of  one  indica- 
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Fig.  56.— Corliss  Engine,  One  Indicator,  Two 
Globe  Valves. 

tor,  with  globe  valves.  Figs.  43,  44  show 
attachment  of  one  indicator  on  the  side, 
with  three  way  cocks. 

If  the  steam  chest  is  on  either  side, 
pipe  on  top  or  on  the  other  side,  as 
most  convenient,  or  on  the  end.  Figs. 
45,  46,  47  show  the  use  of  one  indicator 
on  top  with  piping.     Fig.  48  shows  the 
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use  of  two  instruments  on  top,  without 
piping.  Figs.  49,  50  show  indicators 
attached  horizontally  on  the  side,  with- 
out piping.  Fig.  51  shows  two  indicat- 
ors attached  vertically  on  the  side, 
without    piping;    one    of    them    being 


Fig.  57.— Corliss  Engine,  Single  Indicator,   Two 
Globe  Valves. 

turned  at  right  angles  to  the  cylinder, 
to  clear  the  flange.  Figs.  52,  53  show 
two  indicators  on  the  cylinder  heads; 
this  plan  being  adopted  when  the  lag- 
ging is  too  thick,  or  where  there  is  a 
steam  jacket,  or  in  any  other  case 
where  side  attachment  is  not  feasible. 
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If  the  steam  chest  is  below,  pipe  upon 
side  or  top  as  preferred. 

If  there  is  no  chest,  but  there  is  a 
wrist  plate  or  other  motion  device  for 
the  valves  upon  the  side,  pipe  on  the 
top  if  the  steam  pipe  or  the  exhaust 
pipe  will  permit.  Figs.  55,  56,  57  show 
this  arrangement  with  one  instrument. 
If  the  steam  pipe  or  exhaust  pipe  pre- 
vent this,  pipe  upon  the  back,  upon 
which  there  are  no  valve  motion  pieces. 


Chapter  VII. 


HOW    TO    PIPE. 


It  is  well  to  stop  up  the  drip  pipe  with 
a  plug  or  bit  of  waste,  to  keep  bor- 
ings from  getting  into  it;  and  also  to 
place  a  bit  of  waste  so  that  it  will  catch 
them  as  they  fall.  The  hole  is  best 
drilled  with  the  use  of  an  "old  man/7 
or  its  equivalent,  for  the  ratchet  brace 
to  work  against.  One  very  simple 
method  is  to  have  a  piece  of  f  inch 
thick  iron,  2  inches  wide  and  about  20 
inches  long,  bent  at  right  angles  so  as  to 
give  the  short  arm  about  5  inches 
length:  the  long  arm  being  drilled  at 
its  outer  end  so  that  it  may  be  slipped 
over  one  of  the  studs,  and  let  the  short 
arm  act  as  an  abutment  for  the  ratchet 
brace  to  work  against.  (See  Fig.  58). 
Of  course  where  you  have  not  this  de- 
vice, or  it  cannot  be  applied,  the  ordi- 
nary rigs  for  the  brace  to  work  against 
will  answer. 
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When  the  heads  cannot  be  removed, 
it  is  well  to  arrange  to  have  a  little 
steam  let  into  the  cylinder  after  the 
drill  has  commenced  to  enter  the  bore, 
so  that  it  may  blow'the  chips  outward., 
If  the  cylinder  is  drilled  while  hot, 
there  is  very  often,  at  one  end,  enough 
steam  pressure  remaining  to  do  this; 
and  sometimes  it  will  scald  the  opera- 
tor if  he  does  not  remember  about  it. 

There  should  be  provided  for  the 
holes  in  the  cylinder  brass  plugs  hav- 
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Fig.  58.— "Old  Man'*  for  Drilling. 

ing  a  "hex"  or  square  head,  so  that 
they  may  be  readily  removed  with  a 
wrench. 

Where  you  use  two  indicators  upon  a 
horizontal  engine  which  is  tapped  upon 
the  side,  the  indicator  cocks  may  be 
screwed,  directly  into  the  holes  in  the 
cylinder  and  the  instruments  let  pro- 
ject horizontally.  See  Fig.  50.   If  there  is 
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too  much  lagging  to  admit  of  this,  you 
may  use  just  enough  length  of  nipple  to 
allow  the  indicator  to  be  attached  as 
close  as  possible,  allowing  of  course  for 
a  socket  between  the  nipple  and  the  in- 
dicator. 

If  you  use  one  indicator  for  both  ends 
of  the  cylinder,  it  is  best  to  take  cards 


Fig.  59.— Pipe  Scheme  for  One  Indicator,  Two 
Globe  Valves. 

which  are  as  nearly  as  possible  simul- 
taneous ;  and  in  order  to  do  this  the  in- 
strument is  placed  midway  between 
the  two  ends  of  the  cylinder,  being 
connected  by  a  three-way  cock  to  the 
line  of  piping  connecting  with  each  hole 
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in  the  cylinder.  See  Figs.  43,  44.  Where 
you  have  no  three-way  cock,  then 
there  should  be  used  a  globe  valve  each 
side  of  the  tee  to  which  the  indicator  is 
attached  in  the  middle  of  the  line  of 
pipe;  this  valve  coming  next  to  the  tee 
and  not  at  the  ends  of  the  line  of  pipe. 
See  Figs.  41,  42,  45,  46,  47,  55,  59. 
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Fig.  60.— One  Indicator,  Two  Globe  Valyes. 

Where  one  indicator  is  used  and  the 
cylinder  is  tapped  in  its  convex  walls, 
there  will  be  needed  (see  Figs.  59,  60) 
7  nipples  (a,  6,  g,  h,  i,  &,  Z),  \  inch;  2  ells 
(c,  d) ;  1  union  (e)  •  1  tee  (f) ;  2  globe 
valves  (m,  n). 

Where  two  indicators  are  used,  one 
at  each  end  of  the  cylinder,  if  there  is 
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no  lagging  there  will  be  no  piping  need- 
ed.    See  Figs.  48,  49,  50. 

Where  there  is  one  indicator  at  each 
end  and  there  is  thick  lagging,  then 
there  will  be  needed  at  each  end  one 
nipple  and  one  socket,  each  half  inch. 
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